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Abstract

The non-linear behavior of reinforced concrete columns under cyclic loads reduces the possibility of
using classical analysis methods to check their deformation capacity. Mathematical-analytical models
based on basic concepts and principles of structural mechanics or empirical-statistical models based on
nonlinear regression generally lack sufficient accuracy and speed in answering such problems. The
main goal of this research is to investigate the possibility of using soft computing in investigating the
lateral deformation capacity of reinforced concrete columns using experimental data. For this purpose,
four models are presented by using an adaptive neural fuzzy inference system and artificial neural
networks. More than 100 samples of reinforced concrete columns from the PEER database were used
for testing the models. The main geometric and mechanical variables affecting the lateral deformation
of the column are defined as model inputs. The lateral displacements corresponding to the crushing of
the concrete cover of the column and the 20% decrease in the lateral resistance of the column have
been used as bending failures and output of the models. Two models are coded with the Adaptive
Neuro-Fuzzy Inference System (ANFIS) and two models are modeled with the Multi-Layer Perceptron
(MLP) method. Comparing the error values of ANFIS models compared to MLP models shows the
appropriate ability of ANFIS in predicting the behavior of reinforced concrete columns under cyclic
lateral load.

Keywords: Soft Computing, Reinforced Concrete Column, Lateral Deformation Capacity, Multi-Layer
Perceptron (MLP), Adaptive Neuro-Fuzzy Inference System (ANFIS).
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Azoy | P s | fye | P | fyi | | fe d a siges Lol oS 5 b o by
mm | kN |mm | MPa | % | MPa | % | MPa | mm | mm e
98.1 744 85 364 | 0.45 | 446.0 | 1.51 | 46.5 | 372.0 | 1600 Soesian. et al. 86, No. 1
68.7 | 2112 | 78 360 | 0.64 | 446.0 | 1.51 44 371.0 | 1600 Soesian. et al. 86, No. 2
439 | 1920 | 94 255 | 0.30 | 446.0 | 1.51 40 373.0 | 1600 Soesian. et al. 86, No. 4 10
118.2 | 1010 | 117 466 | 0.67 | 440.0 | 1.51 | 283 | 369.0 | 1600 Zahn et al. 1986, No. 7 11
389 | 3280 | 81 372 | 0.62 | 474.0 | 1.51 41 371.0 | 1600 Watson & Park 1989, No. 5 13
26.8 3200 96 388 0.29 | 474.0 | 1.51 40 373.0 | 1600 Watson & Park 1989, No. 6 14
18.7 | 4704 | 96 308 | 1.18 | 474.0 | 1.51 42 367.0 | 1600 Watson & Park 1989, No. 7 15
17.2 4368 77 372 0.65 | 474.0 | 1.51 39 371.0 | 1600 Watson & Park 1989, No. 8 16
439 | 4480 | 52 308 | 217 | 4740 | 1.51 40 367.0 | 1600 Watson & Park 1989, No. 9 17
57.2 819 80 333 1.06 | 474.0 | 1.57 25.6 338.0 | 1600 Tanaka & Park 1990, No. 3 20
73.0 | 127 | 100 325 | 0.32| 3620 | 1.42 | 24.8 | 326.7 | 1600 Ohno & Nishioka 1984, L3 32
34.6 | 184 50 506 | 0.38 | 3740 | 1.62 | 27.9 | 203.2 | 750 Kanda et al. 1987, 85STC-1 48
34.6 | 184 50 506 | 0.38 | 3740 | 1.62 | 279 | 203.2 | 750 Kanda et al. 1987, 85STC-2 49
34.6 | 184 50 506 | 0.38 | 3740 | 1.62 | 27.9 | 2032 | 750 Kanda et al. 1987, 85STC-3 50
21.4 | 1371 | 35 328.4 | 1.62 | 399.6 | 3.80 | 857 | 178.1 | 500 Muguruma et al. 89, AL-1 56
10.9 | 2156 | 35 328.4 | 1.62 | 399.6 | 3.80 | 857 | 188.7 | 500 Muguruma et al. 89, AL-2 58
10.2 2176 60 774 0.52 | 379.0 | 2.43 99.5 239.6 500 Sakai et al. 1990, B1 66
10.1 2176 60 344 0.63 | 379.0 | 2.43 99.5 239.7 500 Sakai et al. 1990, B3 68
10.1 2176 60 1126 0.52 | 379.0 | 2.43 99.5 239.7 500 Sakai et al. 1990, B4 69
9.5 2176 30 774 0.52 | 379.0 | 2.43 99.5 240.3 500 Sakai et al. 1990, B5 70
10.1 2176 60 857 0.51 | 379.0 | 2.43 99.5 239.7 500 Sakai et al. 1990, B6 71
42.2 801 76 392 0.61 | 363.0 | 1.63 33.3 252.5 | 1676 Atalay & Penzien 75 No. 9 94
40.1 | 8o1 | 127 392 | 0.37 | 3630 | 1.63 | 324 | 252.5 | 1676 Atalay & Penzien 75 No. 10 95
37.7 | 801 76 373 | 0.61 | 363.0 | 1.63 31 252.5 | 1676 Atalay & Penzien 75 No. 11 96
15.9 | 1500 | 150 430 | 0.54 | 430.0 | 1.51 80 233.7 | 1140 Galeota et al. 1996, AA1 109
17.2 | 1500 | 150 430 | 0.54 | 430.0 | 1.51 80 2325 | 1140 Galeota et al. 1996, AA2 110
20.8 | 1000 | 150 430 | 0.54 | 430.0 | 1.51 80 228.8 | 1140 Galeota et al. 1996, AA3 111
36.4 | 1500 | 100 430 | 0.80 | 430.0 | 1.51 80 213.1 | 1140 Galeota et al. 1996, BA2 114
41.0 1000 100 430 0.80 | 430.0 | 1.51 80 208.5 | 1140 Galeota et al. 1996, BA4 116
37.1 1000 50 430 1.61 | 430.0 | 1.51 80 211.9 | 1140 Galeota et al. 1996, CA3 119
40.5 1500 50 430 1.61 | 430.0 | 1.51 80 208.4 | 1140 Galeota et al. 1996, CA4 120
122.1 615 110 428 0.27 | 4480 | 2.22 27.2 566.5 | 2335 Wehbe et al. 1998, A1 133
160.8 601 83 428 0.36 | 4480 | 2.22 28.1 569.5 | 2335 Wehbe et al. 1998, B1 135
129.8 | 1514 83 428 0.36 | 448.0 | 2.22 28.1 569.5 | 2335 Wehbe et al. 1998, B2 136
82 | 3579 | 45 1424 | 1.27 | 393.0 | 1.86 | 118 | 216.1 | 450 Sugano 1996, UC15H 152
16.3 | 3579 | 35 1424 | 1.63 | 393.0 | 1.86 | 118 | 207.8 | 450 Sugano 1996, UC20H 153
423 | 3354 | 95 463 | 1.38 | 454.0 | 258 | 721 | 262.2 | 1842 Bayrak & Sheikh 96 ES-1HT 157
44.8 | 3340 | 90 542 | 1.24 | 4540 | 258 | 71.8 | 259.7 | 1842 Bayrak & Sheikh 96 AS-3HT 159
67.7 | 3344 | 100 463 | 2.24 | 4540 | 258 | 71.9 | 236.4 | 1842 Bayrak & Sheikh 96 AS-4HT 160
311 | 4270 | 94 542 | 1.19 | 4540 | 258 | 102 | 273.5 | 1842 Bayrak & Sheikh 96 AS-7HT 163
41.0 1782 162 570 0.40 | 455.6 | 1.95 34 301.7 | 1645 Saatcioglu & Grira 99 BG1 165
116.0 831 76 570 0.80 | 455.6 | 1.95 34 301.7 | 1645 Saatcioglu & Grira 99 BG3 167
50.5 1923 162 570 0.54 | 455.6 | 2.93 34 301.7 | 1645 Saatcioglu & Grira 99 BG4 168
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mm | kN |mm | MPa | % | MPa | % | MPa | mm | mm

100.0 | 1923 76 570 1.07 | 455.6 | 2.93 34 301.7 | 1645 Saatcioglu & Grira 99 BG5 169

100.0 | 1923 76 580 0.51 | 455.6 | 2.93 34 304.7 | 1645 Saatcioglu & Grira 99 BG7 171

118.0 961 76 580 0.51 | 455.6 | 2.93 34 304.7 | 1645 Saatcioglu & Grira 99 BG8 172

116.0 | 1923 76 580 0.51 | 427.8 | 3.28 34 306.4 | 1645 Saatcioglu & Grira 99 BG9 173

99.5 1923 76 570 1.07 | 427.8 | 3.28 34 303.5 | 1645 Saatcioglu & Grira 99 BG10 174

38.6 142 76.2 | 406.8 | 0.92 | 586.1 | 1.93 69.6 163.9 610 Matamoros 1999, C10-05N 175

38.1 142 76.2 | 406.8 | 0.92 | 586.1 | 1.93 69.6 164.4 610 Matamoros 1999, C10-05S 176

44.5 285 76.2 513.7 | 0.92 | 572.3 | 1.93 67.8 158.1 610 Matamoros 1999, C10-10N 177

44.7 285 77.2 514.7 | 0.90 | 573.3 | 1.93 67.8 157.8 610 Matamoros 1999, C10-10S 178

38.4 569 76.2 513.7 | 0.92 | 572.3 | 1.93 65.5 164.2 610 Matamoros 1999, C10-20N 179

38.1 569 77.2 514.7 | 0.90 | 573.3 | 1.93 65.5 164.4 610 Matamoros 1999, C10-20S 180

38.9 0 76.2 513.7 | 0.92 | 572.3 | 1.93 37.9 161.5 610 Matamoros 1999, C5-00N 181
38.9 0 77.2 514.7 | 0.90 | 573.3 | 1.93 37.9 157.7 610 Matamoros 1999, C5-00S 182
32.3 285 76.2 | 406.8 | 0.92 | 586.1 | 1.93 48.3 147.3 610 Matamoros 1999, C5-20N 183
32.0 285 77.2 | 407.8 | 0.90 | 587.1 | 1.93 48.3 146.5 610 Matamoros 1999, C5-20S 184
26.4 569 76.2 513.7 | 0.92 | 572.3 | 1.93 38.1 164.8 610 Matamoros 1999, C5-40N 185
25.4 569 77.2 514.7 | 0.90 | 573.3 | 1.93 38.1 164.8 610 Matamoros 1999, C5-40S 186
88.4 450 50 459.5 | 0.63 | 497.0 | 2.14 24.9 350.1 | 1400 Mo & Wang 2000, C1-1 187
96.6 675 50 459.5 | 0.63 | 497.0 | 2.14 26.7 350.1 | 1400 Mo & Wang 2000, C1-2 188
88.1 900 50 459.5 | 0.63 | 497.0 | 2.14 26.1 350.1 | 1400 Mo & Wang 2000, C1-3 189
98.0 450 52 459.5 | 0.61 | 497.0 | 2.14 25.3 350.1 | 1400 Mo & Wang 2000, C2-1 190
94.9 675 52 459.5 | 0.61 | 497.0 | 2.14 27.1 350.1 | 1400 Mo & Wang 2000, C2-2 191
93.8 450 54 459.5 | 0.59 | 497.0 | 2.14 | 26.38 | 305.9 | 1400 Mo & Wang 2000, C3-1 193
104.5 675 54 459.5 | 0.59 | 497.0 | 2.14 | 27.48 | 295.2 | 1400 Mo & Wang 2000, C3-2 194
99.0 900 54 459.5 | 0.59 | 497.0 | 2.14 26.9 300.7 | 1400 Mo & Wang 2000, C3-3 195

20.2 401 25.4 793 0.61 | 517.1 | 2.45 86.3 131.9 | 596.9 | Thomsen & Wallace 1994, A3 202

14.6 194 254 793 0.70 | 455.1 | 2.45 83.4 137.5 | 596.9 | Thomsen & Wallace 1994, B2 204

13.8 418 254 793 0.70 | 455.1 | 2.45 90 138.3 | 596.9 | Thomsen & Wallace 1994, B3 205

19.1 380 254 1262 | 0.70 | 475.8 | 2.45 81.8 133.1 | 596.9 | Thomsen & Wallace 1994, C3 208

18.9 352 31.7 1262 | 0.56 | 475.8 | 2.45 75.8 133.3 | 596.9 | Thomsen & Wallace 1994, D1 209

11.9 404 38.1 1262 | 0.46 | 475.8 | 2.45 87 140.4 | 596.9 | Thomsen & Wallace 1994, D2 210

12.1 331 44.4 1262 | 0.40 | 475.8 | 2.45 71.2 140.2 | 596.9 | Thomsen & Wallace 1994, D3 211

48.3 | 2400 130 391 0.86 | 430.0 | 2.15 97.7 256.3 | 2000 Paultre et al 00 10013025 219

29.9 | 3600 130 418 0.86 | 451.0 | 215 | 104.3 | 274.7 | 2000 Paultre et al 00 10013040 220

98.0 | 4200 55 825 2.04 | 446.0 | 215 | 109.5 | 206.1 | 2000 Paultre et al 01 1005540 223
66.4 5150 55 744 2.04 | 446.0 | 215 | 104.5 | 237.7 | 2000 Paultre et al 01 1005552 225
66.1 5150 60 492 1.87 | 446.0 | 215 | 109.4 | 238.1 | 2000 Paultre et al 01 1006052 226
21.9 133 76.2 | 410.9 | 0.55 | 453.0 | 2.45 33.7 263.5 | 685.8 Pujol 2002, 10-2-3N 227
20.9 133 76.2 | 4109 | 0.55 | 453.0 | 2.45 33.7 263.5 | 685.8 Pujol 2002, 10-2-3S 228
27.9 133 38.1 4109 | 1.09 | 453.0 | 2.45 32.1 263.5 | 685.8 Pujol 2002, 10-3-1.5N 229
28.8 133 38.1 4109 | 1.09 | 453.0 | 2.45 32.1 263.5 | 685.8 Pujol 2002, 10-3-1.5S 230
21.5 133 76.2 | 4109 | 0.55 | 453.0 | 2.45 29.9 263.5 | 685.8 Pujol 2002, 10-3-3N 231
21.6 133 76.2 | 4109 | 0.55 | 453.0 | 2.45 29.9 263.5 | 685.8 Pujol 2002, 10-3-3S 232
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mm | kN |mm | MPa | % | MPa | % | MPa | mm | mm e
21.0 | 133 | 57.1 | 4109 | 0.73 | 453.0 | 245 | 27.4 | 263.5 | 685.8 Pujol 2002, 10-3-2.25N 233
22.1 133 | 57.1 | 4109 | 0.73 | 453.0 | 245 | 27.4 | 263.5 | 685.8 Pujol 2002, 10-3-2.25S 234
229 | 267 | 76.2 | 4109 | 0.55 | 453.0 | 2.45 | 36.4 | 263.5 | 685.8 Pujol 2002, 20-3-3N 237
23.0 267 76.2 410.9 | 0.55 | 453.0 | 2.45 36.4 263.5 | 685.8 Pujol 2002, 20-3-3S 238
220 | 133 | 57.1 | 410.9 | 0.73 | 453.0 | 245 | 34.9 | 263.5 | 685.8 Pujol 2002, 10-2-2.25N 239
21.7 | 133 | 57.1 | 410.9 | 0.73 | 453.0 | 245 | 34.9 | 263.5 | 685.8 Pujol 2002, 10-2-2.25S 240
22.1 133 | 57.1 | 4109 | 0.73 | 453.0 | 245 | 36.5 | 263.5 | 685.8 Pujol 2002, 10-1-1.25N 241
21.5 133 57.1 410.9 | 0.73 | 453.0 | 2.45 36.5 263.5 | 685.8 Pujol 2002, 10-1-1.25S 242

24.8 705 40 485 0.50 | 461.0 | 2.43 37.6 221.2 625 Bechtoula-Kono 2002 D1N30 243
18.7 1410 40 485 0.50 | 461.0 | 2.43 37.6 221.2 625 Bechtoula-Kono 2002 D1N60 244
105.3 | 3334 150 445 0.78 | 473.0 | 2.54 64.1 404.4 | 1778 Xaio & Yun 02 No.FHC5-0.2 258
55.6 3111 80 542 1.71 | 454.0 | 2.74 71.1 293.8 | 1842 | Bayrak & Sheikh 02 RS-10HT 261
62.2 2109 150 542 091 | 454.0 | 2.74 70.9 287.5 | 1842 | Bayrak & Sheikh 02 RS-12HT 263
55.5 4512 70 465 1.95 | 454.0 | 2.74 | 112.1 | 293.7 | 1842 | Bayrak & Sheikh 02 RS-14HT 265
36.3 3242 75 1360 | 0.91 | 521.0 | 2.74 74.1 313.4 | 1842 | Bayrak & Sheikh 02 RS-18HT 269
67.1 3441 75 1402 1.76 | 521.0 | 2.74 74.2 282.3 | 1842 | Bayrak & Sheikh 02 RS-19HT 270
62.2 3755 70 465 1.39 | 621.0 | 2.74 91.3 187.3 | 1842 Bayrak & Sheikh 02 WRS-21HT 272
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mm | kKN |mm | MPa| % | MPa| % | MPa | mm | mm e
12 1815 80 297 0.71 375 1.79 23.1 549.6 | 1200 Gill et al. 1979, No. 1 1

2680 75 316 1.10 375 1.79 | 414 549.4 | 1200 Gill et al. 1979, No. 2 2

2719 75 297 0.76 375 1.79 21.4 549.6 | 1200 Gill et al. 1979, No. 3 3

4265 62 294 1.33 375 1.79 23.5 549.3 | 1200 Gill et al. 1979, No. 4 4
10 1435 100 320 1.13 427 1.51 23.6 | 399.3 | 1600 Ang et al. 1981, No. 3 5
19 840 90 280 0.87 427 1.51 25 399.4 | 1600 Ang et al. 1981, No. 4 6
39 744 85 364 0.45 446 1.51 46.5 372.0 | 1600 Soesian. et al. 86, No. 1 7
34 2112 78 360 0.64 446 1.51 44 371.0 | 1600 Soesian. et al. 86, No. 2 8
31 2112 91 364 0.42 446 1.51 44 372.0 | 1600 Soesian. et al. 86, No. 3 9
16 1920 94 255 0.30 446 1.51 40 373.0 | 1600 Soesian. et al. 86, No. 4 10
17 2502 92 466 0.85 440 1.51 40.1 399.4 | 1600 Zahn et al. 1986, No. 8 12
19 3280 81 372 0.62 474 1.51 41 371.0 | 1600 Watson & Park 1989, No. 5 13
19 3200 96 388 0.29 474 1.51 40 373.0 | 1600 Watson & Park 1989, No. 6 14
12 4704 96 308 1.18 474 1.51 42 367.0 | 1600 Watson & Park 1989, No. 7 15
12 4368 77 372 0.65 474 1.51 39 371.0 | 1600 Watson & Park 1989, No. 8 16
12 4480 52 308 2.17 474 1.51 40 367.0 | 1600 Watson & Park 1989, No. 9 17
20 819 80 333 1.06 474 1.57 25.6 399.3 | 1600 Tanaka & Park 1990, No. 1 18
18 819 80 333 1.06 474 1.57 25.6 399.3 | 1600 Tanaka & Park 1990, No. 2 19
16 819 80 333 1.06 474 1.67 | 25.6 338.0 | 1600 Tanaka & Park 1990, No. 3 20
16 819 80 333 1.06 474 1.67 | 25.6 399.3 | 1600 Tanaka & Park 1990, No. 4 21
22 968 110 325 0.75 511 1.25 32 549.4 | 1650 Tanaka & Park 1990, No. 5 22
19 968 110 325 0.75 511 1.25 32 549.4 | 1650 Tanaka & Park 1990, No. 6 23
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19 | 2913 | 90 325 | 091 | 511 | 1.25 | 32.1 | 549.3 | 1650 Tanaka & Park 1990, No. 7 24
13 | 2913 | 90 325 | 091 | 511 | 1.25 | 32.1 | 549.3 | 1650 Tanaka & Park 1990, No. 8 25
20 267 | 127 | 363 | 0.37 | 367 | 1.63 | 30.7 | 304.8 | 1676 Atalay & Penzien 75, 2S1 89
41 267 76 363 | 0.61 | 367 | 1.63 | 29.2 | 304.6 | 1676 Atalay & Penzien 75, 3S1 90
20 267 | 127 | 363 | 0.37 | 429 | 1.63 | 27.6 | 304.8 | 1676 Atalay & Penzien 75, 4S1 91
10 801 76 392 | 0671 | 363 | 1.63 | 333 | 2525 | 1676 Atalay & Penzien 75 No. 9 94
20 801 127 | 392 | 0.37 | 363 | 1.63 | 324 | 2525 | 1676 Atalay & Penzien 75 No. 10 95
15 801 76 373 | 0.61 | 363 | 1.63 31 252.5 | 1676 Atalay & Penzien 75 No. 11 96
15 801 127 | 373 | 0.37 | 363 | 1.63 | 31.8 | 252.5 | 1676 Atalay & Penzien 75 No. 12 97
25 | 1690 | 102 | 454 | 0.93 | 439 | 1.94 | 39.3 | 3935 | 1372 Azizina. et al. 88, NC-2 102
15 | 2580 | 102 | 616 | 0.52 | 439 | 1.94 | 39.8 | 3935 | 1372 Azizina. et al. 88, NC-4 103
47 615 110 428 0.27 | 448 | 2.22 27.2 566.5 | 2335 Wehbe et al. 1998, A1 133
40 1505 | 110 428 0.27 | 448 | 2.22 27.2 566.5 | 2335 Wehbe et al. 1998, A2 134
47 601 83 428 | 0.36 | 448 | 2.22 | 28.1 | 569.5 | 2335 Wehbe et al. 1998, B1 135
0.6 | 3579 | 45 1415 | 0.81 | 393 | 1.86 | 118 | 220.5 | 450 Sugano 1996, UC10H 151
0.7 | 3579 | 45 1424 | 1.27 | 393 | 1.86 | 118 | 216.1 | 450 Sugano 1996, UC15H 152
0.8 | 3579 | 35 1424 | 1.63 | 393 | 1.86 | 118 | 207.8 | 450 Sugano 1996, UC20H 153
1.4 | 2089 | 35 1424 | 1.63 | 393 | 1.86 | 118 | 1958 | 450 Sugano 1996, UC20L 155
10 3354 95 463 1.38 | 454 2.58 72.1 262.2 | 1842 Bayrak & Sheikh 96 ES-1HT 157
13 2401 90 542 1.24 454 2.58 71.7 | 221.7 | 1842 Bayrak & Sheikh 96 AS-2HT 158
10 3340 90 542 1.24 454 2.58 71.8 | 259.7 | 1842 Bayrak & Sheikh 96 AS-3HT 159
13 3344 | 100 463 2.24 454 2.58 71.9 236.4 | 1842 Bayrak & Sheikh 96 AS-4HT 160
5.7 | 4270 94 542 1.19 454 2.58 102 273.5 | 1842 Bayrak & Sheikh 96 AS-7THT 163
43 450 50 459.5 | 0.63 | 497 | 2.14 24.9 350.1 | 1400 Mo & Wang 2000, C1-1 187
37 675 50 | 459.5 | 0.63 | 497 | 2.14 | 26.7 | 350.1 | 1400 Mo & Wang 2000, C1-2 188
36 900 50 | 459.5 | 0.63 | 497 | 2.14 | 26.1 | 350.1 | 1400 Mo & Wang 2000, C1-3 189
37 450 52 | 459.5 | 0.61 | 497 | 2.14 | 253 | 350.1 | 1400 Mo & Wang 2000, C2-1 190
35 675 52 | 459.5 | 0.61 | 497 | 214 | 27.1 | 350.1 | 1400 Mo & Wang 2000, C2-2 191
38 900 52 | 459.5 | 0.61 | 497 | 214 | 26.8 | 350.1 | 1400 Mo & Wang 2000, C2-3 192
27 | 3600 | 60 418 | 1.87 | 451 | 2.15 | 98.2 | 240.9 | 2000 Paultre et al 00 1006040 217
30 | 1200 | 130 | 391 | 0.86 | 451 | 2.15 | 94.8 | 213.5 | 2000 Paultre et al 00 10013015 218
29 | 2400 | 130 | 391 | 0.86 | 430 | 2.15 | 97.7 | 256.3 | 2000 Paultre et al 00 10013025 219
25 | 3600 | 130 | 418 | 0.86 | 451 | 2.15 | 104.3 | 274.7 | 2000 Paultre et al 00 10013040 220
26 4200 55 825 2.04 446 | 2.15 | 109.5 | 206.1 | 2000 Paultre et al 01 1005540 223
29 3600 80 825 1.40 | 446 | 2.15 | 104.2 | 251.8 | 2000 Paultre et al 01 1008040 224
20 5150 55 744 2.04 446 | 2.15 | 104.5 | 237.7 | 2000 Paultre et al 01 1005552 225
23 | 5150 | 60 492 | 1.87 | 446 | 2.15 | 109.4 | 238.1 | 2000 Paultre et al 01 1006052 226
18 | 3111 | 80 542 | 1.71 | 454 | 2.74 | 71.1 | 293.8 | 1842 Bayrak & Sheikh 02 RS-10HT 261
24 | 2109 | 150 | 542 | 0.91 | 454 | 2.74 | 70.9 | 287.5 | 1842 Bayrak & Sheikh 02 RS-12HT 263
19 | 3433 | 70 465 | 1.95 | 454 | 2.74 | 1121 | 275.3 | 1842 Bayrak & Sheikh 02 RS-13HT 264
32 | 2204 | 75 1360 | 0.91 | 521 | 2.74 | 74.1 | 266.2 | 1842 Bayrak & Sheikh 02 RS-17HT 268
27 | 3242 | 75 1360 | 0.91 | 521 | 2.74 | 74.1 | 3134 | 1842 Bayrak & Sheikh 02 RS-18HT 269
19 3441 75 1402 | 1.76 521 2.74 74.2 | 282.3 | 1842 Bayrak & Sheikh 02 RS-19HT 270
33 2207 | 140 1402 | 0.94 521 2.74 74.2 | 288.5 | 1842 Bayrak & Sheikh 02 RS-20HT 271
28 3755 70 465 1.39 521 2.74 91.3 187.3 | 1842 Bayrak & Sheikh 02 WRS-21HT 272
25 3159 80 542 1.22 521 2.74 72.2 | 203.9 | 1842 Bayrak & Sheikh 02 WRS-24HT 275
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